Objective: Reducing the time to recanalization is important for the treatment of acute ischemic stroke. We changed the treatment protocol to reduce the door-to-puncture time (DTP). In this study, we evaluated the effects of this protocol change on the treatment of ischemic stroke.
Introduction
Acute major artery occlusion of the brain leads to permanent tissue injury in the absence of early recanalization. Acute ischemic stroke within 4.5 hours after the onset is an indication for intravenous thrombolysis with tissue plasminogen activator (tPA), the recanalization rate of the proximal part of the major artery of the brain is reportedly low. 1) Recently, however, with improvements in endovascular devices, percutaneous intracranial thrombectomy devices such as the Penumbra system (Penumbra, Alabama, CA, USA), Solitaire FR (Covidien, Irvine, CA, USA), and Trevo ProVue Retriever (Stryker Neurovascular, Fremont, CA, USA) have been developed, and recanalization of thrombosed proximal parts of major arteries of the brain has become possible. In clinical studies including the Multicenter Randomized Clinical Trial of Endovascular Treatment for Acute Ischemic Stroke (MR CLEAN), Extending the Time for Thrombolysis in Emergency Neurological Deficits -Intra-Arterial (EXTEND-IA), Endovascular Treatment for Small Core and Anterior Circulation Proximal Occlusion with Emphasis on Minimizing CT to Recanalization Times (ESCAPE), Solitaire With the Intention For Thrombectomy as PRIMary Endovascular Treatment (SWIFT PRIME), and Thrombectomy within 8 hours after symptom onset in ischemic stroke (REVASCAT), the therapeutic outcome has been reported to be more favorable by the addition of thrombectomy to intravenous thrombolysis with tPA than by tPA alone, and this combination has also become a standard therapy in Japan. [2] [3] [4] [5] [6] In the above clinical studies, there have been schemes to shorten the time from the onset to recanalization, and the importance of reducing the onset-to-reperfusion time (OTR) and door-topuncture time (DTP) has been indicated in not only intravenous thrombolysis with tPA but also thrombectomy therapy. [2] [3] [4] [5] [6] We changed our therapeutic protocol for patients with acute ischemic stroke due to major artery occlusion of the brain to reduce DTP in January 2014. In this study, we evaluated the effects of this protocol change on the treatment of acute ischemic stroke at our hospital.
Subjects and Methods
The subjects were 633 patients transported to our hospital between January 2012 and May 2015 within 24 hours after they were last confirmed to be well. We conventionally used MRI for screening of patients suspected to have acute ischemic stroke but changed the treatment protocol for patients with major artery occlusion of the brain in January 2014. Before the protocol change, we evaluated the indication for intravenous thrombolysis with tPA by MRI, assessed the effectiveness of intravenous thrombolysis with tPA, and, in some patients, performed CT before endovascular treatment. After the protocol change, we abandoned these processes and referred patients suspected to have major artery occlusion to neurointerventionalists before MRI. If occlusion of a major artery of the brain was revealed by MRI, the new protocol prescribed implementation of intravenous thrombolysis with tPA with the decision to perform endovascular therapy, initiation of setup of the angiography suite, and implementation of endovascular treatment while continuing intravenous thrombolysis with tPA. The workflows before and after the protocol change are compared ( Fig. 1) . In this study, the effects of this protocol change on the treatment for acute ischemic stroke at our hospital were evaluated retrospectively. The evaluation items were the patient background, percentage of patients who underwent endovascular treatment, door-to-image time (DTI), door-to-needle time (DTN), OTR, DTP in endovascularly treated patients, endovascular device used, rate of Thrombolysis in Cerebral Infarction (TICI) 2b/3, presence or absence of symptomatic intracranial hemorrhage after treatment, and modified Rankin scale (mRS) score 90 days after the onset. If the time of onset is unclear as in wake-up stroke, endovascular treatment was performed by evaluating the indication based on images including T2-weighted fluid-attenuated inversion recovery (FLAIR), so we selected patients within 24 hours after they were last confirmed to be well as the subjects. In patients with unknown time of onset, OTR was evaluated by assuming the time when they were last confirmed to be well as the time of onset. Statistical analyses were carried out using GraphPad PRISM ver.5 (GraphPad Software, Inc., La Jolla, CA, USA). Age, National Institute of Health Stroke Scale (NIHSS) scores, and DTP were analyzed by the t-test, and other variables including the percentage of endovascularly treated patients were analyzed using Fisher's exact test, at the p <0.05 level of significance. respectively, showing shortening of 30 minutes (p = 0.003). When the patients were divided into those who received and those who did not receive intravenous thrombolysis with tPA, it was shortened by 31 and 25 minutes, respectively. DTI and DTN were shortened by 5 and 9 minutes, respectively. The rate of TICI 2b/3 recanalization was 37.9% before the protocol change but increased to 72.2% after the protocol change, but no significant difference was noted in the percentage of patients with a good outcome (mRS 0-2) 90 days after the onset.
Discussion
In this study, we changed the treatment protocol for patients with acute ischemic stroke suspected to be due to occlusion of a major artery to contacting neurointerventionalists before MRI, deciding to perform endovascular treatment during MRI, and starting the setup of the angiography suite. In addition, we decided to perform endovascular treatment before judgment of the effectiveness of intravenous thrombolysis with tPA. This change made it possible to promptly initiate endovascular treatment also in patients undergoing intravenous thrombolysis with tPA, reduced
Results
Thrombectomy procedures were performed in 34 (9.4%) of the 359 patients with acute ischemic stroke transported to our hospital within 24 hours after the onset before the protocol change (January 2012-December 2013) but in 41 (14.9%) of the 274 patients after the protocol change (January 2014-May 2015), showing a significant increase in the percentage of patients who underwent endovascular treatment (p = 0.03). By excluding those who did not undergo MRI at our hospital before endovascular treatment, 29 patients before the protocol change and 36 after the protocol change were compared. The results are summarized in Table 1 . No significant difference was noted in the age, male/female ratio, NIHSS score on arrival, percentage of patients who received intravenous thrombolysis with tPA, and occluded vessels between before and after the protocol change. In no patient, endovascular treatment was cancelled due to complete recanalization during the preparation for endovascular treatment after the initiation of intravenous thrombolysis with tPA. Median DTP, which was the primary evaluation item of this study, was 108 and 78 minutes before and after the protocol change, DTP by about 30 minutes, and increased the percentage of endovascularly treated patients. In treating acute ischemic stroke, it is important to shorten the time from the onset to reperfusion (ORT). In five recently reported clinical studies, also, the management policy was to confirm occlusion of major arteries and to shorten ORT, and favorable results were obtained. [2] [3] [4] [5] [6] Based on these results, the guidelines for endovascular treatment for acute ischemic stroke by the American Heart Association (AHA)/American Stroke Association (ASA) were revised. For patients with an indication for thrombectomy, the guidelines recommend intravenous thrombolysis with tPA and, if the occluded vessel is the internal carotid artery or M1 of the middle cerebral artery, endovascular treatment using a stent retriever is strongly recommended for lesions within 6 hours after the onset (Class I, Level of Evidence A). 7) Prior to this study, we attempted to shorten the time from onset to intravenous thrombolysis with tPA (DTN) 8) specifically by 1) introducing the stroke hotline, 2) speeding neurologic evaluation and simplifying examinations on the arrival at the emergency room, 3) preparing a stroke MRI protocol, and 4) nurse-initiated intravenous thrombolysis with tPA. By introducing the stroke hotline, it became possible to consider the possibility of intravenous thrombolysis with tPA/endovascular treatment at the point when the stroke physician is contacted or examines the patient and to request support to the endovascular treatment team. According to a report from abroad, where the care system differs from Japan, early consultation with the endovascular treatment team resulted in shortening of DTP by a median of 36 minutes. 9) They sought to shorten the time by simultaneously performing the body weight measurement, blood collection, securing of the intravenous route, and examination by a stroke doctor and emergency nurses after the arrival of the patient at the emergency department before MRI and postponing examinations including Electrocardiogram (ECG) and chest radiography. A study of intravenous thrombolysis with tPA reported that DTP could be shortened by 6 and 13 minutes by omitting ECG and chest radiography, respectively. 10) According to the stroke, MRI protocol of our hospital, DWI, 3D time-of-flight MRA, FLAIR, T2 star-weighted MR angiography (SWAN), and 3D arterial spin labeling (ASL) perfusion imaging are performed in this order, and the total time of imaging studies is about 20 minutes. Since only radiology technicians who can comply with this protocol are allowed to be on duty, the system ensures that imaging examinations can be performed without delay even during the night and on holidays. In this study, shortening of not only DTP but also DTI and DTN was observed, and this is considered to be based on our efforts established and developed at our hospital to shorten DTN in intravenous thrombolysis with tPA. The nurses, radiology technicians, laboratory technicians, and office workers as well as doctors have sufficient understanding of the importance of early recanalization in treating acute ischemic stroke, and their cooperation is also considered to have contributed to shortening of DTP in thrombectomy therapy.
Moreover, in this study, the percentage of endovascularly treated patients in all acute ischemic stroke patients increased from 9.4% to 14.9% after the protocol change by deciding to perform endovascular treatment early after arrival. This may be explained by the early involvement of neurointerventionalists in addition to the improvement in the hospital system and awareness of the staff. Furthermore, a high recanalization rate (TICI 2b/3: 72.2%) was obtained after the protocol change, but this is not considered to be a result of the protocol change because stent retrievers became available at our hospital after the protocol change. However, while patients who underwent endovascular treatment increased, DTP was shortened, and the recanalization rate improved, no significant difference was observed in the percentage of patients with a good outcome after 90 days between the two groups. This may have been a result of a high recanalization rate due to the advent of the stent retriever and consequent widening of the range of its application. After the protocol change, we aggressively performed endovascular treatment even in recurrent ischemic stroke patients originally with neurologic deficits, such as paresis and patients with cancer, who included 4 in whom the baseline mRS score was 3-4. This resulted in satisfactory recanalization rate but poor outcome after 90 days in some patients.
Our study has several limitations. It was a single-center retrospective study involving a small number of patients. In addition, the available thrombectomy devices changed during the study period. As new intracranial thrombectomy devices are expected to appear, the importance of establishing a hospital care system and preparing a treatment protocol to shorten OTR and increase patients with a favorable outcome is considered to increase further.
Conclusion
In patients with acute ischemic stroke suspected major artery occlusion, DTP could be reduced by 30 minutes by contacting neurointerventionalists before MRI and deciding to perform endovascular treatment and starting the setup angiography suite early during MRI. It is important that all members of the staff involved in stroke management to recognize the importance of recanalization therapy for acute ischemic stroke and to cooperate systematically.
